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ABSTRACT
The aim of this portfolio is twofold: first, the portfolio serves to document the author’s approach to
teaching while also providing necessary tools to revamp the course delivery methods to a more
active learning format from traditional lecture format. Secondly, this portfolio evaluates the effects
of students’ group lab discussion, students Interactive class trivia and interdisplinary students’
collaboration active learning approaches on student learning and performances in the course.
The student group lab discussion activity involved modification of some of the lab tasks to include
short questions listed under the lab procedure. These questions were discussed within the group
and answer(s) were provided in their reports and feedbacks were returned to the students. After,
which specified homeworks were designed to contextualize aspects of the lab task and lab
discussion questions. The student interactive class trivia activity involved students answering inclass designed pre and post quiz’s question that pertains to real-life challenges in the processing
of fruits and vegetables. And the interdisplinary students’ collaboration active learning activity
involved a semester one-month-long interdisplinary collaborative project designed in collaboration
with another Instructor of a graphics design course (GRPH 391 – Special Topics in Graphic
Design) offered in the department of graphic design, University of Nebraska, Lincoln where
majority of the students are predominately native English speakers. The project aims to improve
students success skills by allowing students from this course (FDST 420 - Fruits and Vegetable
Processing Technology) work collaboratively with students from the graphic design course
(GRPH 391 – Special Topics in Graphic Design). Overall, from the results obtained, students
performed significantly better on quizzes, homeworks and exams as a result of the active learning
approaches introduced and implemented within the framework of the course. This was most
pronounced for students with average performance, whereas high performing students performed
well regardless of how the concepts were introduced. These findings suggest that introducing
active learning approaches in delivering concepts and/or theories in fruits and vegetable
technology course will improves student learning.

CONTENTS
Benchmark Memo 1 ................................................................................................................. 4
Course Description, Goals and Learning Objectives ............................................................ 4
1.1. Course Description .................................................................................................... 4
1.2. Course Objectives ..................................................................................................... 4
1.3. Rationale for course selection .................................................................................. 5
1.4. Goal to accomplish through the creation of the course portfolio .......................... 6
1.5. Type of Course Portfolio ........................................................................................... 6
1.6. Course link to the broader curriculum ..................................................................... 6
Benchmark Memo 2 ................................................................................................................. 7
Teaching methods and course activities ............................................................................... 7
2.1. Teaching methods and course activities ..................................................................... 7
2.2. Course materials (e.g., textbooks, course notes)........................................................ 8
2.3. Course activities ............................................................................................................ 9
2.3.1. Students’ group lab discussion ............................................................................. 9
2.3.2. Students Interactive class trivia ............................................................................. 9
2.3.3. Interdisplinary students’ collaboration active learning .......................................10
Benchmark Memo 3 ................................................................................................................13
Analysis of student learning ..................................................................................................13
3.1. Student learning analysis .........................................................................................13
3.1.1. Students’ lab group discussion analysis .........................................................13
3.1.2. Students Interactive class trivia learning analysis ..........................................15
3.1.3. Interdisplinary students’ collaboration active learning analysis ....................17
CONCLUSION ..........................................................................................................................20
4.1. Reflection on the Course .............................................................................................20
References ..............................................................................................................................21
Appendix A ..............................................................................................................................22
Appendix A. 1 – Course Syllabus ..........................................................................................23
Appendix B ..............................................................................................................................31
Appendix B.1- Homework #2 sample .....................................................................................32
Appendix B.2 – Homework #4 sample ...................................................................................32
Appendix B.3 – Homework #3 sample ...................................................................................33
Appendix B.4 – Laboratory # 1 procedure .............................................................................34
Appendix B.5 - Laboratory #2 procedure ...............................................................................35
Appendix B.6 - Laboratory #3 procedure ...............................................................................36
Appendix B.7 – Quiz sample .................................................................................................37
Appendix C ..............................................................................................................................38
Appendix C.1 – Student Interactive Class Trivia Quiz ............................................................39
Appendix C.2 – Project Background ......................................................................................40
Appendix C.3 – Final Exam Sample ......................................................................................44

Benchmark Memo 1
Course Description, Goals and Learning Objectives
1.1.

Course Description

Fruit and vegetable technology covers the fundamental of harvesting and postharvest handling
(storage, processing, packaging) of fruit and vegetables and the necessary control strategies to
mitigate safety and quality changes that can impede on storage-life of the produce and
consequently result into postharvest losses. The course introduces students primarily to address
the technological aspects of fruits and vegetables with specific reference to harvesting, storage,
processing, packaging, and transportation. Students will also be introduced on how to apply
technologies learn in the course to minimize postharvest loss and consequently increase storagelife. Methods of instruction include lectures and project group discussion. Students were
evaluated based on quiz, exams, and project presentations.
Fruits and vegetables processing industry is expanding rapidly and is growing its influence on the
global food industry. There is a huge demand for various types of fresh fruits and vegetables,
mild-processed fruits and vegetables, fruit powders, pulps, fruits juices, vegetable pastes, and
other products. Knowledge on how to process fruits and vegetables, increase their storage
periods, add value to them and how to give them a commercial look to increase their demand in
the market will further expose the students to gain insight on how fruits and vegetables will behave
in different conditions and how it affects their final product quality. Students taking this course are
mostly junior food science students based in China and it is part of the 3+1 program between the
Department of Food Science and Technology, University of Nebraska–Lincoln (UNL) and
Northwest Agricultural & Forestry University (NWAFU) in China. Students enrolled in the program
will have the opportunity to learn from NWAFU and University of Nebraska Faculty, and travel to
the University of Nebraska-Lincoln campus to continue their studies. NWAFU is the 2nd largest
agricultural university in China. The 3+1 program allows qualifying students to come to Nebraska
to complete their degrees.
Thirty-eight (38) students registered for the course in this semester, Spring, 2021. And it was
taught by me and two teaching assistants that helped in coordinating the laboratory aspect of the
course. See Appendix A for the course syllabus. As a result of the Covid-19 pandemic, the course
was completely delivered as an online course. Both the laboratory tasks and the classes were
entirely completed online using educational tools such as zoom, canvas, vidgrid, speed grader
etc.

1.2.

Course Objectives

My over-all objective is to have students understand how to apply simple but profound and/or
emerging technologies learn during the course to make judgement regarding on how to increase
the shelf-life of fruits and vegetables during postharvest management to minimize loss and
consequently ensuring global food security.
Upon completion of the course, student should be able:

1.

to link the effect of microbiological, biochemical, and physiological changes
on the physical characteristics, nutritional composition, quality (texture, taste,
aroma, etc.), food safety of fruits and vegetables.

2.

to evaluate how postharvest processing and modern technologies can be
used to enhance the shelf-life and quality of stored and/or processed fruits
and vegetables.

3.

to apply technologies learnt during the class to a specific fruit and/or vegetable
to minimize postharvest loss and enhance nutritional, quality, and food safety
characteristics of the product(s).

4.

to improve success skills of the students through critically examining the
impact of postharvest management and/or technologies of fruits and
vegetables on food safety and quality management and effectively
communicate the gained knowledge to tackle real life challenges in the agrifood industry.

The over-all goal of the course and student learning goals served as the framework for the course
structure. They were used to guide the design of course activities and assessments, as well as
the instructional strategies used during the course. These course objectives and learning goals
were shared with the students to inform them of my expectations from the start of the course and
to serve as a guide for their learning. If met, the objectives and goals will prepare the students for
success in future courses and the knowledge they learn will surely influence their future
professional careers.

1.3.

Rationale for course selection

I chose this course because it is the course, I will be teaching during the spring semester. In
addition, it is going to be the second time I will be teaching this course and I am looking into
revamping the course – lesson notes, Lab protocols, assignments, projects etc. to become more
suitable for food science students. In such that students’ outcomes match the course learning
objectives. I plan to design these classes and lessons by drawing on diverse food science
backgrounds to motivate my students in cultivating a sense of curiosity about the current
challenges in the fruits and vegetable processing industry and more specific to the current
awaking consumer awareness and demands on healthy and minimally processed foods.
Also, I am looking into updating all lab activities for the course in this spring semester. My plan is
to make the lab more gear into meeting my number one goal which is to enhance students
learning experience on linking the effect of microbiological, biochemical, and physiological
changes on the physical characteristics, composition, quality (texture, taste, aroma, etc.), food
safety of fruits and vegetables. In addition, this course creates a foundation for subsequent
courses such as engineering unit operations, heat, and mass transfer etc. in food science and
technology curriculum and these are courses they I also, currently, teach, so I would like to
prepare the students to meet the expectations and demands of the other two courses.

1.4.

Goal to accomplish through the creation of the course portfolio

The purpose for developing this peer review in teaching portfolio was specifically for professional
development. Also, I would like to use this course portfolio as a tool to revamp the course delivery
methods to a more active learning format from traditional lecture formats using students’ group
lab discussion, students Interactive class trivia and interdisplinary students’ collaboration active
learning. And then evaluate the activities affect learning effectiveness and student performances.
It is my goal that at the end of the program I should be able to develop a profound evidence
through documentations of my teaching and my students’ learning process by developing a
course portfolio which can be used as an evidence of my teaching effectiveness. Also, I believe
that developing this course portfolio could be useful to any course instructors in the future and
can be used by the department for the 3+1 program reviews and/or accreditation reviews
purposes. I also plan to use this portfolio as evidence of my commitment to teaching excellence
in my promotion files.

1.5.

Type of Course Portfolio

I plan to create a portfolio that looks at the broad over-view of the entire course to include the
teaching and measurable evidence of student learning and then focus on the effectiveness of the
application of three active learning activities applied during the course that include, students’
group lab discussion, students Interactive class trivia and interdisplinary students’ collaboration
active learning and then evaluate the learning effectiveness on student performance.

1.6.

Course link to the broader curriculum

Based on the food science education requirement, all students require 12-unit load food
processing to be able to graduate from food science department. Therefore FDST 420 is very
critical to the student learning process in food science education. Having students realize the
important of postharvest management and technologies in food science education is a key to be
successful during their college years and in the future. Hopefully, the concepts and/or
technologies learnt in this course will be carried over to their future lifestyles and their professional
careers. In addition, my intension is to help students to achieve their goals in terms of academic
performance (i.e., letter grades) in this course, not failing them. I hope when they indeed receive
letter grades of As and Bs and they feel confident about themselves, they continue to work hard
for other courses they are taking as well as the courses in the future. This will hopefully positively
impact our student retention and graduation rate.

Benchmark Memo 2
Teaching methods and course activities
2.1. Teaching methods and course activities
The class time was a two 40-minute lectures, twice per week. And two laboratory sessions biweekly. Lectures were delivered through zoom. Canvas was used in posting the prepared lecture
notes, textbooks, Homeworks, project and quizzes. To achieve the overall objective of this course
which is to ensure students understand how to apply simple but profound and/or emerging
technologies learn during the course to make judgement regarding on how best to increase the
shelf-life of fruits and vegetables during postharvest management and consequently minimize
loss. I have designed a new approach in presenting the course to the students which in addition
to traditional lecture presentation formats, also focuses on students as individuals in a studentcentered environment that fosters on critical thinking, creativity, and learning collaboration
involving students working in interdisplinary group project, students’ group lab discussion, and
students Interactive class trivia all through the semester in meeting the course individual goals.
Homework assignments and quizzes were posted on canvas after each module is completed.
Students usually had one week to complete the assignments, which were typically due on the
next Friday from the day the homework was posted. And for the quiz, students have about one
hour to complete the quiz from the time it was posted. Longer time is assigned for the quiz to
enable some of the students with poor internet connections enough time to compete the quiz as
well. Most homework problems include two questions, one of the questions is to test the student
competency in applying theories that have been covered in the class in providing solution to real
life challenges on fruit and vegetable postharvest management. Most of the questions are taken
from the UC Davies Postharvest Harvest Center “Ask a Produce Doc” question database that
compress various questions coming directly from produce farmers across America.
(http://postharvest.ucdavis.edu/Ask_the_Produce_Docs/). The questions were modified to suit
the level of the students. The second problem involved solving mathematical problem based on
theories and/concept already learnt in the class. (Please see appendix B for sample of the
Homework).
All the quizzes were posted on canvas on weekly basis, and they were designed to cover most of
the contents discussed in class for the week. It serves as an effective and efficient way to quickly
evaluate students’ understanding of concepts taught in the class for the week. Each quiz consists
of five “true or false” conceptual questions that mostly will require the students reading through
their note to find the answer. No complex calculations were required, so that students were able
to quickly answer these questions if they understood the concepts well or read through their note
for the answers (Please see appendix B for sample of the quiz). All quiz were automatically graded
on canvas and student can see their grade immediately after taken the quiz. For the homework,
speed grader an option tool in canvas was used for grading the homework and sending feedbacks
to students.
There were two exams for the class – one mid-term exam (30% of the total grade) taken in the
middle of the semester and one final comprehensive exam (30% of the total grade) taken at the
end of the semester. These exams assess students’ understanding of fruit and vegetable

processing technologies and test if students can proffer qualitative and/or designed-based
solutions to some of the unique challenges that are present after fruit and vegetable have been
harvested through profound understanding of factors (discussed during the course) that affect
shelf-life of harvested fruits and vegetables. (Please see appendix B for sample of the exam)
The final exam was structured to be open book, take-home exam which will be submitted online
through canvas after 24-48 hours of posting. There were five questions divided into three parts
(Part A, Part B, and Part C) in total which covered the course contents from beginning to the end
of the course and students were advised to attempt all questions. Part A consisted multiple choice
questions containing a pack of 10 sub-questions each. And part B consisted two problem solving
questions that will cover any of the components and/or contents discussed in the class. Students
were advised to show all calculations, schematic diagrams when applicable, equations and/or
formulas used. As well as any assumptions use in arriving at a solution. And lastly, part C
consisted of two applied-based questions to assess the students’ ability to apply and activates
relevant experiences and knowledge formed earlier in the course to a real-life scenario(s) in postharvest management of fruits and vegetables.
Table 2.1. below shows how the final grades were assigned as stated in the course syllabus
(Please see appendix A for the course syllabus) using the percentage point breaks noted below.
A passing grade for UNL is anything above C.
Table 2.1. Course contents percentage points breakdown

Evaluation
Quiz
Homework
Lab Report
Course Project
Mid-term Exams
Final Exam

%

5%
10%
15%
10%
10%
30%
30%

2.2. Course materials (e.g., textbooks, course notes)
This course has no assigned textbook. Lecture notes were regularly posted on canvas. However,
two textbooks listed below were used as references and students were advised to consult the
textbook(s) for further reading.
o

Post-harvest Technologies of Fruits and Vegetables by Hosahalli S. Ramaswamy (ISBN:
978-1-932078-27-5).

o

Food Processing Technology: Principles and Practice by P.J Fellows (4thEdition)

2.3. Course activities
The activities were designed to assist the students in achieving the over-all learning objectives:

2.3.1. Students’ group lab discussion
Objectives 1: To link the effect of microbiological, biochemical, and physiological changes on the
physical characteristics, nutritional composition, quality (texture, taste, aroma, etc.), food safety
of fruits and vegetables.
The laboratory aspect of the course requires students to work all through the semester in group
with other students to perform various experiments require for the measurement of physical
characteristics of fruits and vegetables and then analyze the effect of changes such as
biochemical, microbiological, and physiological on the measured characteristics because of
postharvest processing and/or strategies. Some of the lab tasks were modified and required each
group to answer short questions listed under the lab procedure in their reports. (Please see
appendix B for sample of students group lab tasks with discussion questions). These questions
were to further guide the students in understanding the links that exist between the characteristics
of the fruits and/or vegetables with changes such as biochemical, microbiological, and
physiological that occur during the postharvest managements of fruits and vegetables. The lab
group discussion questions were discussed within the group and answer(s) were provided in their
reports and feedback were returned to the students. Some of the homeworks were designed to
contextualize aspects of the lab task and lab discussion questions. These homework questions
were designed to assess the students ability to successfully linking effect of microbiological,
biochemical, and physiological changes on the physical characteristics, nutritional composition,
quality (texture, taste, aroma, etc.), food safety of fruits and vegetables and then test the
effectiveness of the students’ lab discussion.

2.3.2. Students Interactive class trivia
Objective 2: To evaluate how postharvest processing and modern technologies can be used to
enhance the shelf-life and quality of stored and/or processed fruits and vegetables.
Objective 3: To apply technologies learnt during the class to a specific fruit and/or vegetable to
minimize postharvest loss and enhance nutritional, quality, and food safety characteristics of the
product(s).
To meet these two objectives, student-interactive class trivia activity was designed and included
in all modules that covered concepts and theories on postharvest processing and/or strategies
discuss during the class. This activity involved students answering in-class designed quiz’s
question that pertains to real-life challenges in the processing of fruits and vegetables. (Please
see appendix C for sample of In-class quiz question). The students were given ten-minutes to
answer the question with detail explanation on canvas. After which the quiz was turn off from
canvas. And students were exposed to the underlying physical theories and/or postharvest
process and/or strategies needed to answer the quiz. Then, students were assigned randomly
into a group using zoom break-out rooms to discuss possible solutions to the quiz, after which the
quiz was retaken by the students. In the class, this activity was accomplished in such a way that

before the start of the class, students were assigned to the In-class quiz on canvas, which they
must answer individually, after which the concept will be taught, and the student were placed in a
group to discuss possible answer before answering the same in-class quiz question again. These
in-class quizzes were designed to assess the students current knowledge and then test the
effectiveness of the class teaching and the break-out room discussion.

2.3.3. Interdisplinary students’ collaboration active learning
Objective 4: To improve success skills of the students through critically examining the impact of
postharvest management and/or technologies of fruits and vegetables on food safety and quality
management and effectively communicate the gained knowledge to tackle real life challenges in
the agri-food industry.
A semester one-month-long interdisplinary collaborative project was designed in collaboration
with another Instructor of a graphics design course (GRPH 391 – Special Topics in Graphic
Design) offered in the department of graphic design, University of Nebraska, Lincoln where
majority of the students are predominately native English speakers. The project entails student
from this course (FDST 420 – Fruits and Vegetable Processing Technology) work collaboratively
with students from the graphic design course (GRPH 391 – Special Topics in Graphic Design). In
the previous semesters, the course project structure had been for students to work in pairs to
prepare a presentation and a written document related to new or novelty product made of fruits
or vegetables and the principles involve in their preservation. However, for this project, a new
approach was be implemented into the course to intentionally improve success skills of non-native
English Speaking Chinese students by grouping students in a team with predominantly native
English-speaking students from the graphic design course and have them work together
collaboratively on project that incorporate application of food science principles and concepts of
graphic designs in solving “real-world” challenges in the fruit and vegetable processing industry.
Numerous studies have identified success skills has the top core competency required from
graduate of food science transiting, newly, into food processing industry . Success skills such as
oral and written communication, critical thinking, problem solving, and teamwork are essential
because they are used more often than other core competencies identified by IFT which are food
chemistry and analysis, food safety and microbiology, food processing and engineering, applied
food science which are required to ensure that food science undergraduates obtain the necessary
academic training and professional development.
Unfortunately, students are not typically taught success skills through traditional classroom lecture
unless through active learning approach which usually involves participation in hands-on
activities, case study; group project, experiential learning (Morgan et al. 2006). Studies have
shown that active learning enhances student team participation, oral presentation skill, higher
order thinking, and increases the retention of information (Pugsley and Clayton 2003; Coker
2010). Active learning most time create experiential learning for the students. Bohn and Schmidt
(2008) deﬁned experiential learning as “occurring when students participate in a contrived “real
life” activity, reﬂect upon that activity, use critical analysis skills to derive useful knowledge,
meaning, and insight from the experience, and then incorporate their new understandings into
their daily lives.”

Several active learning approaches have been widely used by several disciplines to promote
success skills. Hollis and Eren (2016) applied real world industrial integrated experiential learning
into a special topic in food science and technology course entitled food product development by
creating and implementing a food industrial case study to improve the student success skills.
Webb et al. (2007) linked school counselors to the student success academic and social
competence for mid to low-range-performing students. Miranda et al. (2007) used a developed
success skill strategy to close the academic gap between African American and Latino students.
Uzbina et al. (2017) studied the efficacy of the Spanish cultural translation of student success
skills program to improve academic achievement. However, most past studies about improving
student success skills do not incorporate the perspectives of non-native English speaking Chinese
students. The objective of this course project is to improve the success skills of non-native
English-speaking Chinese students (Chinese food science students) through interdisplinary
collaborative active learning approach. In this study, the targeted success skills are:
I.

to improve students’ ability to work collaboratively with students from a different
course.

II.

to develop students’ ability to ﬁnd solutions and/or reach conclusions to questions
and problems using a systematic approach, and

III.

to improve students’ oral and written communication skills and critical thinking
skills.

Students were randomly selected from the fruit and vegetable processing course and the graphic
design course and then placed into small groups to work together during the semester on the
project. Two different projects titled: “Development of a One-Point Lessons (OPL) that could help
to mitigate language barriers to improve the understanding about operations in a fruit and
vegetable processing plant”. The fruits and vegetables plant used in this study was based in
California, US.
The project was presented to students from both the FDST 420 – Fruits and Vegetable Processing
Technology and GRPH 391 – Special Topics in Graphic Design courses at the beginning of the
semester as a class competition (Please see appendix C for details about the project description)
In addition to the project’s description, students were presented with a virtual tour video of
operations in the selected food processing plants, highlighting challenges as its related to
operations and/or food safety challenges in the plants. The non-native English speaking Chinese
students from the fruit and vegetable processing course in each of the groups took a lead role
working in developing operation details based on food processing principles and/or food safety
controls needed for the development of the one-point lessons (OPLs) for the fruits and vegetable
operations in the selected plant I.

Identify point(s) and/or locations along the plant processing line(s) as observed in
the plant’s tour video where potential food safety and/or quality deviation(s) can
occur.

II.

Describe effective control measure(s) to control or mitigate the food safety and/or
quality deviation(s) identify in (1) above.

III.

Explain all the steps involve in the control measure(s) described in (2) above

And based on the details provided by the students from the fruit and vegetable processing course,
the students from the graphic design course would incorporate graphics designs, colors, icons,
and imageries, to attenuate the identified and described operational steps in the processing line
of the plant in order easy communication of operational procedures or food safety at these
important operation steps to any employee(s) from any level of operation experience or language
background. At the end of the project, there was a combine on-line class for the students in the
two courses to participate in the competition and showcase their developed OPL(s) using
PowerPoint slides. Students from the fruits and vegetables course in each of the groups were
responsible for the PowerPoint presentations, which were then evaluated jointly by the two
instructors using selected criteria as stated in the project rubrics (Please see appendix C for
sample of the project rubrics). Our intention is to select two over-all best OPL(s) for
implementations in the selected plant and conduct a future research to evaluate the impacts of
these developed OPL(s) on some identified food safety culture metrics and/or operational KPI
over a period (like 3 or 6 months) in the plant.

Benchmark Memo 3
Analysis of student learning
3.1. Student learning analysis
To successfully understand how to apply simple but profound and/or emerging technologies learn
during the course to make judgement regarding on how to increase the shelf-life of fruits and
vegetables during postharvest management to minimize loss and consequently ensuring global
food security, the students need to meet the learning outcomes set at the beginning of the class.
Students group lab co-reporting, student interactive class-trivia and interdisplinary collaborative
active learning projects were developed in this course to guide and enable the students meet the
set learning outcomes as well as create quantitative methods to effectively analyzed if these
learning objects have been met using homework assignments, quiz, and exams.

3.1.1. Students’ lab group discussion analysis
Objectives 1: To link the effect of microbiological, biochemical, and physiological changes on the
physical characteristics, nutritional composition, quality (texture, taste, aroma, etc.), food safety
of fruits and vegetables.
Homework assignment(s), homework #2 and homework #4 were developed to contextualize
aspects of the lab task and lab discussion questions in lab #1 and lab #2 that have already been
discussed and experienced hands-on during the lab experiment sessions by the students. And
homework assignments, homework #3 were contextualize aspects of the Lab # 3 - however group
discussion questions were not included in these labs – the students just completed the lab; worked
together reporting their observations.
To assess that the students individually met the learning objectives above; I tested the ability of
the students to apply what were learned during the lab work and the effectiveness of the lab group
discussion by comparing the homework #2, and homework #4 with homework #3 the results
obtained were presented below. The results in figure 1.0a shows that most of the students scored
90% above for the homework #2 and figure 1.0b shows that for homework #4, the students scored
predominately 100% whereas the performance for homework #3 indicates that most of the
students scored 80% below. A comparison of the aggregate statistics indicates the differences
between the grades from the homework(s). In general, the homework grades for homework #2
and Homework #4 are relatively high when compare with homework #3 with the lowest grade
being 83% for homework #2 and for homework #4. These results revealed the fact that for both
homework #2 and Homework #4 students were already exposed to hands-on laboratory
experiments about the concepts examined in the homework and also the students have discussed
similar questions related to the homework(s) during their laboratory sessions.

Homework #2

20

Homework #4
Homework #3

35

Homework #3

18

30

16

Number of students

Number of students

25
14
12
10
8
6
4

20
15
10
5

2
0

0

100%

100% 95% 90% 85% 80% <

95%

85%

80% <

Scores

Scores

Fig.3.1. Comparison between students’ performances: (a) for students’ scores between
homework #2 and homework #3 (b) for students’ scores between homework #4 and
homework #3
From Table 3.1, it was observed that while the mean and median scores decreased for the
homework #3, the maximum score remained the same (100%) with the maximum score for
homework #2 and homework #4. However, the minimum score increased by 10% and 15% for
homework #2 and homework #4 respectively when compared to homework #3. This suggests
that having the students discussed related questions in the lab sessions and the experiential
learning gained during the hands-on laboratory tasks helped the low- performing students but did
not influence the top performing students. It is likely that the top performing student would perform
well on either of the homework designs with or without prior lab group discussion questions.
Table 3.1. A comparison of the aggregate statistics of the scores for homework #2 and
Homework #4 with the scores for homework #3
Maximum (%)
Minimum (%)
Mean (%)
Median (%)
Homework #2
100.0
85.0
95.4
95.0
Homework #3
100.0
75.0
81.9
80.0
Difference
0.0
10.0
13.5
5.0
Homework #4
Homework #3
Difference

100.0
100.0
0.0

90.0
75.0
15.0

97.3
81.9
15.4

100.0
80.0
20.0

3.1.2. Students Interactive class trivia learning analysis
Objective 2: To evaluate how postharvest processing and modern technologies can be used to
enhance the shelf-life and quality of stored and/or processed fruits and vegetables.
Objective 3: To apply technologies learnt during the class to a specific fruit and/or vegetable to
minimize postharvest loss and enhance nutritional, quality, and food safety characteristics of the
product(s).
Pre and post quizzes were used to assess the student learning of the detail concepts on how
postharvest processing and modern technologies can be used to enhance the shelf-life and
quality of stored and/or processed fruits and vegetables. The pre and post quizzes were assessed
to students during the class interactive class trivia activity, results obtained were described below.
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Fig. 3.2. Comparison between students’ performances: (a) for students’ scores between
homework #2 and homework #3 (b) for students’ scores between homework #4 and
homework #3
As expected, the students’ overall performances were higher during the second assessment
(post-test) and their responses were more informed and detailed compared to the performances
in the pre-test as shown in the fig. 3.2. For the Module 5a - Postharvest ambient temperature
processing – Cleaning process; during the pre-test, only 5 students (14.7% of the students
population) scored 4 and/or 5 points out of the total score of 5 points which signifies mastery
understanding and excellent competency in application of cleaning process as a postharvest
strategy for fruits and vegetables. Twenty-five (25) students (73% of the students population)
scored 2 and/or 3 points out of the total score of 5 points which signifies good understanding of
coating process as postharvest strategy for fruits and vegetables. And lastly, 4 students (11.8%
of the students population) scored below 2 points which signifies a baseline understanding of the

concept and/or theories tested during the pre-test. And for the Module 5b - Postharvest ambient
temperature processing – Coating process; for the pre-test, only 7 students (20.6% of the students
population) scored 4 and/or 5 points out of the total score of 5 points which signifies mastery
understanding and excellent competency in application of coating process as a postharvest
strategy for fruits and vegetables. Twenty-four (24) students (70.5% of the students population)
scored 2 and/or 3 points out of the total score of 5 points which signifies good understanding of
coating process as postharvest strategy for fruits and vegetables. Lastly, 3 students (8.8% of the
students population) scored below 2 points which signifies a baseline understanding of the
concept and/or theories (coating processing) tested during the pre-test.
However, in the post-test, the number of the students with mastery understanding of the process
of cleaning and coating as postharvest strategies to mitigate and/or control postharvest loss and
knowledge of their applications in postharvest management changed from 5 students (14.7% of
the students population) to 25 students (73.5% of the students population) and from 7 students
(20.6% of the students population) to 20 students (58.8% of the students population) for the
cleaning and coating processes respectively. In both modules analyzed, during the post-test, the
results revealed that the number of students with no understand and/or basic understanding of
concepts being tested were greatly reduced. This might be as a result that I provided more
explanations about the concepts and/or theories being tested during the class teaching and have
the students break-out into different rooms on zoom to further discuss the pre-test. The results
indicated that students considered the concepts taught in the class and learning gained during
the students’ break-out room discussions when attempting the assessment for the second time
(post-test). Hence, students performances were greatly improved for the post-test.

Fig. 3.3. Comparison pre-test and post-test scores for cooling process quizzes
Analyzing the scores from the quiz completed during the cooling process module. The average
score for pre-test was 3.07 ± 1.42% with a median score of 3 points and the average score for
post-test was 3.97 ± 1.20% with a median score of 5 points (Fig. 3.3). This 29.32% increase in

average score was statistically significant (p <0.001) as determined by a paired t-test where
student scores were paired between quizzes. This suggests that inclusion of students interactive
class trivia activity may be helpful for student learning and retention likely because of increased
interest during the actual teaching of the concepts and/or during the break-out room discussion
among the students. Further comparison of the pre-test and post-test analysis of the scores from
the quizzes completed during the cooling process module were conducted by grouping the
students into three different categories based on their scores being below the 25th percentile
(low-performing), between the 25th and 75th percentiles (average performing), and at or above
the 75th percentile (high-performing). Average scores for the low performers on pre-test was
46.7%, which improved to 67% on post-test. Similar results were obtained for the average
performers. This suggests that the low and average performing students improved their
understanding of the concepts and/or strategies because of the student interactive class trivia,
improving their scores. However, there was no any significant improvement in the scores by the
high performers; they have a profound understanding of the concepts and its application prior to
the strategy applied during the class interactive trivia activity.

3.1.3. Interdisplinary students’ collaboration active learning analysis
Objective 4: To improve success skills of the students through critically examining the impact of
postharvest management and/or technologies of fruits and vegetables on food safety and quality
management and effectively communicate the gained knowledge to tackle real life challenges in
the agri-food industry.
An end-of-the-semester course survey was used to probe the feelings and thoughts of the
students regarding the effectiveness of the interdisplinary student collaborative active learning
project completed during the course. The following survey questions were used:
1. I think the goals of the project stated in the course syllabus were met during the project
duration.
2. I would suggest that similar interdisplinary collaborative projects should be included in the
course in the future.
3. I was expose to a real-life challenge being faced in the fruits and vegetables processing
industry.
4. The projects provided me with the opportunity to critically think on how to proffer solution(s)
to prevent and/or mitigate the effect of food safety and quality deviation during the
processing of fruits and vegetables.
5. The project provided me with the opportunity to improve my presentation and
communication skills through the interactive sessions organized during the project.
6. I prefer to work in team that involve interdisplinary collaboration on projects than working
in pair or individually in completing the projects for the course.

The students were asked to choose between Strongly Disagree, Disagree, Indifferent, Agree, and
Strongly Agree for each of the statements and the raw response results are presented below:
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The effects of interdisplinary students’ collaborative active learning approach on students
performances were evaluated based on the survey results. The students reported that they felt
the project helped them in developing success skills which was the main goal of the project
implementation into the course. Based on the first and second questions, majority of the students
agreed that the objectives of the project were met and then subscribed that similar projects should
be implemented in the course in the future. And the third, fourth and the fifth questions indicated
that majority of the students felt that the project was particularly beneficial to them as regards to
success skills that involved critical thinking, presentation, and communication skills. However,
about three of the students felt they were not really expose to a real-life challenge being faced in

the fruits and vegetables processing industry. This might be because most of the teaching and
activities were completed online. The response results for the sixth question indicated that most
of the students either do not care which approach of delivering was used for the course project or
they prefer interdisplinary student collaboration active learning approach. This might further
support the fact that most of the students are passive learners that would rather prefer the
traditional setting for content delivery to an active-based approach.

CONCLUSION
4.1. Reflection on the Course
This course portfolio summarizes a profound documentation of a peer review process of teaching
in this course. I feel that through this process my students progressed with not only an
understanding of the contents of the course but also in application of knowledge and have greater
confidence in being able to recall knowledge. I plan to continue to improve this course and use
the knowledge gained during this project to other courses that I teach.
The results obtained indicated that low and average performing students benefit from the students
interactive class trivia and the lab group discussion. However, results from the survey indicated
that some of the students might prefer a more traditional project format where students are
assigned the semester project compared to the interdisplinary student collaboration project.
Although, I tried to impress upon students the benefits of active learning in student-focus based
learning, there were still students who expressed a preference for more traditional formats. It is
important to me that students learn to collaborate as that is common in the workplace, but the
execution of this projects never seem to reach the level I would expect. I plan to carefully explore
how to redesign this specific project pattern in the future that provides for greater insight and
smooth collaboration among the students towards the development of the final project.
Experience learnt during this peer review of teaching will result into major changes to my approach
for teaching this course in the future. I intend to continue with the class activities that work
positively on student learning and performance during this review in the future. and I hope that
other instructors can use some of the active approaches, materials and structure developed in
this course to incorporate active learning in their curriculum for the course.

References
Bohn DM, Schmidt SJ. 2008. Implementing experiential learning activities in a large
enrollment introductory food science and human nutrition course. Journal of Food
Science Education 7(1):5–13.
Coker P. 2010. Effects of an experiential learning program on the clinical reasoning and
critical thinking skills of occupational therapy students. Journal of Allied Health
39(4):280–6.
Hollis and Eren. 2016. Implementation of real-world experiential learning in a food science
course using a food industry-integrated approach. Journal of Science Education
15(4):109-119.
Miranda. A, Webb. L., Brigman., and Peluso. P. 2007. Student success skills: A promising
program to close the academic achievement gap for African American and Latino
students. Journal of Professional School of Counseling 10(5): 91-111.
Morgan MT, Ismail B, Hayes K. 2006. Relative importance of the Institute of Food
Technologists (IFT) core competencies – a case study survey. Journal Food Science
Education 5(2):35–9.
Pugsley KE, Clayton LH. 2003. Traditional lecture or experiential learning: changing
student attitudes. Journal Nursing Education 42(11):520–3.
Webb. L., Greg. A.B., and Charity. C. 2005. Linking school counselors and student
success: A replication of the student success skills approach targeting the academic
and social competence of students. Journal of Professional School of Counseling
8: 407-419

Appendix A

Appendix A. 1 – Course Syllabus

UNIVERSITY OF NEBRASKA - LINCOLN
Departments of Food Science and Technology
UNL-NWAFU 3+1 Program
FDST 420
Fruit and Vegetable Processing Technology
Spring 2021

INSTRUCTOR: Dr. Charles Nwaizu
OFFICE:
OFFICE HOURS: Wednesday 12:00pm and/or as schedule
EMAIL: cnwaizu2@unl.edu
WEBSITE: https://foodsci.unl.edu/nwaizu
CREDITS: 3 (2 hours class 2 times per week, 3 hours lab two times
per week)
LECTURE: Monday (Wek 1 – 3) and Fridays (Week 1-7, Week 9-14) 8:00 – 9:30
LABORATORY: Tuesday and Thursday 14:00 - 16:20 (Room C309 Food Science) **
ROOM: N8414
CANVAS ACCESS: http://canvas.unl.edu/
DESCRIPTION: Composition of fruits and vegetables, how this affects quality during
processing, principles, and quality changes during common
processing methods, including juicing, drying, freezing, canning, and
jelly manufacture.
PREREQUISITES: FDST 205 or permission

OBJECTIVES: Familiarize the student with food processing as it pertains to fruits and
vegetables and the unique challenges that they can present
Upon completion of the course, a student should be able to:
1. Describe postharvest characteristics (classification, composition, nutrition etc.) of
fruits and vegetables.
2. Describe the postharvest physiology (respiration and transpiration) of fruits and
vegetables.
3. Describe the postharvest processing (cooling, chilling, freezing, drying, blanching,
pasteurization, sterilization, Canning, fermentation, coating, juicing.) of fruits and
vegetables.
4. Describe the postharvest packaging and distribution of fruits and vegetables.
TEXTBOOK:

1. Post-harvest Technologies of Fruits and Vegetables by Hosahalli S. Ramaswamy
(ISBN: 978-1-932078-27-5)
2. Food Processing Technology: Principles and Practice by P.J Fellows ( 4 thEdition)
ATTENDANCE
Class attendance will not be recorded by the instructor. Regular and punctuality is the
responsibility of each students and is expected. Quizzes will be scheduled during the
class time. Make-up work will only be allowed if the student has been excused from the
corresponding scheduled class period. Excused absences are made through prior
arrangement with the instructor, when necessary.
https://registrar.unl.edu/academic-standards/policies/class-attendance/

HOMEWORK:
Out-of-class assignments will be posted on Canvas at least one week before the due
date. Due as assigned during lecture periods or as shown on the assignment. No late
assignments will be accepted unless previous arrangements have been made with
instructor.

QUIZ:
Class quiz will be administered using canvas quiz at the end of every topic during
the live zoom sessions.
COURSE PROJECT:
Project – Development of Food Safety OPL for Omaha, Nebraska
1. Watch and study the virtual tour video of the production lines of a fruit and vegetable
processing.
2. Based on your understanding of food safety and principle of fruit and vegetable
processing, identify specified locations in the production lines where significant potential
food safety hazards and/or deviations could occur in excess of the acceptable level or
could increase to an unacceptable level if not control. Describe in details the identify
hazards and/or deviations that may occur and the likely control measures that is/are
already in place or that you suggest should be in place in the plant in order to eliminate
the identified hazards/deviations or reduce its likely occurrence to an acceptable level.
3. Used simple sentences, virtual cue, symbols, icons, photographs, and colors etc. which
all employee(s) can understand irrespective of the language backgrounds to communicate
the described control measures.
4. Create an OPL(s) as an interventional and/or training tool that can be implemented at the
identified locations across the production lines. (example of an OPL is inserted below)
5. Prepare a PowerPoint slides to be used as a tool for presentation of your develop OPL(s)
by your group members.

LABORATORY:
Attendance is required. Students absent from a laboratory exercise who do not have a
valid, verifiable excuse will receive a grade of “F” on that day’s exercise.
MID TERM EXAM:
One mid-term exam will be given during the semester. It will be an open book exam.
Student MUST ensure that they complete the exams on their own. It is not a group
examination!

FINAL EXAM:
A final examination will be completed by all students as scheduled. It will be a take-home,
open book exam. Student MUST ensure that they complete the exams on their own. It is not
a group examination!

GRADING:
Evaluation
Quiz
Homework
Lab Report
Course Project
Mid-term Exams
Final Exam

%

5%
10%
15%
10%
10%
30%
30%

Final grades will be assigned using the point breaks noted below.
Neatness and spelling will be considered when grading. Any questions concerning a
grade or grading should be directed to the instructor, not the teaching assistant.

LECTURE SCHEDULE:
The following are tentative schedules for the lecture, adjustments may need to be made,
when necessary a notice will be given in advance.

Modules

Dates

Lecture Topic

0

March 1

Introduction to Fruit and Vegetable Tech

1

March 5

Classification of Fruits and Vegetables

Quiz #1
Homework #1

1

March 8

2

March 12

Nutritional Composition of Fruits and
Vegetables
Postharvest Loss and Control; Postharvest
Biochemical and Microbiological Changes
in Fruits and Vegetables

Quiz #2
Homework #2
3

March 15

3

March 19

Postharvest Physiology of Fruits and
Vegetables - Respiration
Postharvest Physiology of Fruits and
Vegetables - Respiration

Quiz #3
Homework #3
4
Project

April 2

Project

April 9

Project

April 16

Project

April 30

5

May 7

Postharvest Physiology of Fruits and
Vegetables - Transpiration
Introduction to Course with project (with
Invited Speaker Prof. Ben Evjen) Break-Out
Combine Zoom (Project discussion with
Students from Graphics Design)
Work on course project (Break-out room)
Presentation of the project OPL to
Instructors
Postharvest Ambient Temperature
Processing – Cleaning, Coating

Quiz #4
Homework #3
5

May 14

6

May 21

Postharvest Ambient Temperature
Processing – Fermentation, Juicing
Postharvest Heat Removal Processing –
Cooling, Chilling

Quiz #5
Homework #4
6

May 28

7

June 4

Final Exam

****

Postharvest Heat Removal Processing –
Cold-Storage, Freezing
Postharvest Heat Additional Processing –
Drying, Canning

LAB SCHEDULE:
The following are tentative schedules for the lab sessions, adjustments may need to be
made, when necessary, a notice will be given in advance.

Week

Date

1

March 2

Enzymatic browning and control

March 4

Enzymatic browning and control

2

3

4

----

Report writing and submission of Enzymatic browning
control

----

Report writing and submission of Enzymatic browning
control

March 16

Respiration rate measurement

March 18

Respiration rate measurement

--------

5

6

8

Preservation of fruit and vegetable - Freezing

April 1

Preservation of fruit and vegetable - Freezing

----

Report writing and submission of Preservation of fruits
and vegetable – Freezing
Report writing and submission of Preservation of fruits
and vegetable – Freezing

April 13

Preservation of fruit and vegetable – Freeze drying

April 15

Preservation of fruit and vegetable – Freeze drying

---------

9

Report writing and submission of Respiration Rate
Measurement
Report writing and submission of Respiration Rate
Measurement

March 30

---7

Content

April 27
April 29

Report writing and submission of Preservation of fruits
and vegetable – Freeze drying
Report writing and submission of Preservation of fruits
and vegetable – Freeze drying
Postharvest Processing of Fruits and Vegetables Fermentation
Postharvest Processing of Fruits and Vegetables –
Fermentation

Note

10

May 4
----

11

May 11
May 13

12

May 18
-------

13

May 27
------

14

June 3

Postharvest Processing of Fruits and Vegetables – Sugar
preservation
Report writing and submission of Preservation of fruits
and vegetable – Fermentation
Postharvest Processing of Fruits and Vegetables – Sugar
preservation
Postharvest Processing of Fruits and Vegetables Juicing
Postharvest Processing of Fruits and Vegetables Juicing
Report writing and submission of Preservation of fruits
and vegetable – Sugar and Juicing
Postharvest Processing of Fruits and Vegetables Canning
Report writing and submission of Preservation of fruits
and vegetable – Sugar and Juicing
Postharvest Processing of Fruits and Vegetables Canning

EMAIL ETIQUET: Students are encouraged to attend the zoom office hours to ask
questions and discuss needs related to the course. To make their visit more efficient,
prior to attending the office hour students should send a brief email to the instructor
describing which problem(s) they are having issues with. However, if a simple question
requires an answer that could be answered by email and/or QQ message, students can
certainly communicate with the instructor by those means. If that is the method of
choice, be aware that emails will be only returned within office hours (Monday – Friday,
8:00 am until 5:00 pm). If you send an email outside of those hours do not expect a
reply until the next business day. All emails or QQ message will be replied within 24
business hours.
SPECIAL NEEDS: Students with disabilities are encouraged to contact the instructor for
a confidential discussion of their individual needs for academic accommodation. It is the
policy of the University of Nebraska-Lincoln to provide flexible and individualized
accommodation to students with documented disabilities that may affect their ability to
fully participate in course activities or to meet course requirements. To receive
accommodation services, students must be registered with the Services for Students
with Disabilities (SSD) office, 132 Canfield Administration, 472-3787 voice or TTY.
STUDENT CONDUCT: Students are expected to adhere to guidelines concerning
academic dishonesty “Students are expected to adhere to guidelines concerning
academic dishonesty outlined in Section 4.2 of the University’s Student Code of Conduct
(http://stuafs.unl.edu/ja/code/). Students are encouraged to contact the instructor for
clarification of these guidelines if they have questions or concerns.” CASNR Policy on

Academic Dishonesty can be found at: http://casnr.unl.edu/teaching-casnr under “CASNR Policy
on Academic Dishonesty”

For students in FDST, the policy on academic dishonesty adopted by this department
can be seen in its integrity as a separate document under the “Syllabus and
Schedule” tab for this course on Canvas.
A student is expected to take the attendance and answer class trivia questions for
herself/himself in the classroom only. If a student’s phone, tablet, or computer was
used for class trivia and attendance without his/her presence, it will be considered as
a plagiarism. A letter grade will be reduced for each incidence. For example, a
student with grade B who is found in one plagiarism, will be give grade B-.
Students are encouraged to discuss plausible solutions to assignments with each other
yet each student is expected to submit his/her own solutions to each assignment (i.e., no
two sets of solutions for any given assignment should be same). Both the students who
lend the home challenge for coping and who copy other students’ home challenge will
lose the whole points for that assignment.

UNL Alert: Notifications about serious incidents on campus are sent via text
message, email, unl.edu website, and social media. For more information go to:
http://unlalert.unl.edu.
Additional Emergency Procedures can be found here:
http://emergency.unl.edu/doc/Emergency_Procedures_Quicklist.pdf

Appendix B

Appendix B.1- Homework #2 sample
FDST 420 - Fruits and Vegetables Processing
Homework #2
Due: March 19, 2021
20 points
Question 1
A fresh fruits processing company based in California have issues with mango after it was cut,
washed and packaged. The mango showed brown color in some of the pieces after 2 or 3 days.
Do you have some tips or recommendations for this company? (To get the full mark - Your answer
must be detail and suggest a lasting solution(s) to the challenge face by the company).
Question 2
A marketing company specializing in the marketing of tropical and subtropical fruit has been facing
some challenges during the past few seasons. Mango producers are picking immature fruit and
then ripen in their ethylene rooms. The reason for this is to catch the new season market early
and thereby getting very good prices. However, the perception amongst certain mango specialist
is that this fruit, which is artificially ripen, causes the consumers to become "mango averse" later
in the season because these immature fruits, whilst good in color, never ripens properly. Are you
in support of the Mango Farmers procedure on harvesting mango early or against? Why?
(Note – There is no limit to the number of words or pages you can submit. Reference all sources)

Appendix B.2 – Homework #4 sample
FDST 420 - Fruits and Vegetables Processing
Homework #4
Due: April 9, 2021
20 points
Question 1
Respiration rate of potato at 15°C is 12 mg CO2/kg-h. Calculate the rate of absorption of oxygen
if the respiration quotient is 1.0. What kind of substrate from the potatoes was used up during the
respiration?
Question 2
What will be your suggestion(s) and/or propose solution(s) to a banana distribution company
having problem with quality degradation during transportation:
Here are the data:
•
•

Banana quantity: 18 kgs.
Packing: packed in 2 layers with foam cuttings and in a 25-micron polythene and in a
perforated carton

•
•
•

Temperature: 30-32℃ during transportation in above packing
Quality: 50-60% ripened
Color: green to yellow

The company equipped their transportation trucks with ethylene absorption media has about of
4-5 liters adsorption of ethylene. In the trucks, around 8 sachets of 10 grams of the absorption
media in different orientations (all on top, at sides and spread out etc.) are placed. The ethylene
levels shown by the sensor reach up to 20-30 ppm in one minute. At the same time, the media
itself is not fully consumed as indicated by its colour. Only 20-25% converts to brown granules.
At 15 uL ethylene /hr. by bananas, the total ethylene generated will be around 0.04 liters for the
total 18 kg of bananas in 5 days. This corresponds to just 10 grams of media for keeping ethylene
levels zero. However, in actual conditions, the levels of ethylene have not come down and
Bananas lost their quality.

(Note – There is no limit to the number of words or pages you can submit. Reference all
sources)

Appendix B.3 – Homework #3 sample
FDST 420 - Fruits and Vegetables Processing
Homework #3
Due: March 26, 2021
20 points
Question 1
The high-quality storage life of pears at 14°C is 60% less than that at 6°C. Calculate the storage
life at 20°C relative to that at 2°C.
Question 2
A certain variety of Pineapple, grown in India, shows Chill Injury. That is, formation of brown
spots/ ring around the center stem of the fruit when stored at 7-10 °C, 85-90% RH and 10-13 °C,
85-90% RH for a storage period of beyond 10 -14 days.
Experiments were conducted for various storage trials and observations were:
1) Chill Injury was persistent up to Storage Temperature of 17 °C, 85-90% RH for a storage period
of beyond 10-14 days.
2) There was no Chill Injury at Storage Temperature of 19 °C, 85-90% RH for storage period of
beyond 14 days. But, entire skin of fruit turned yellow, crown leaves started drooping, fruit pulp
was dark yellow in color, soft, loose, lacked firmness, very sweet (TSS: > 18 ° Brix) and loss of
flavor.

Do you have any recommendations to overcome this problem?

(Note – There is no limit to the number of words or pages you can submit. Reference all
sources)
Appendix B.4 – Laboratory # 1 procedure
University of Nebraska-Lincoln
FDST 420 Fruits and Vegetables Technology
Lab 1 Enzymatic browning and control
Enzymatic browning is one of the most important reactions that takes place in most fruits and
vegetables as well as in seafood. Generally, it is a chemical reaction involving polyphenol
oxidase, catechol oxidase, and other enzymes that create melanins and benzoquinone from
natural phenols.
In today’s lab, we will observe the phenomenon of enzymatic browning in a fruit (apple) and a
vegetable (potato). We will also evaluate the effect of heat and chemical solutions on controlling
the enzymatic browning.
Materials: Apple (2 each group), potato (2 each group), hot plate and pot, 0.5% C6H8O7ּ H2O,
0.5% K2S2O5, plastic film, paper towel.
Instruction:
1. Color change observation
a. Slice your apple and potato samples and expose it to air for 15 minutes
b. Observe the color change and take pictures of the color change
c. Using color analysis equipment to measure the color of the freshly sliced and
oxidized samples
2. Effect of heat treatment on color change
a. Slice your apple or potato samples (5 slices each) and put them in the boiling
water
b. Start timing when the water starts to boil again
c. Take out one slice for every 1 minute and expose it to air for 15 min
d. Observe the color change and take pictures of the color change
e. Using color analysis equipment to measure the color of the boiled sample
3. Effect of chemical treatment on color change (conduct one solution treatment each time)
a. Slice your apple or potato sample and immerse them in the chemical solutions
(0.5% C6H8O7ּ H2O or 0.5% K2S2O5) for 20 min
b. Take out the sliced sample and expose it to air for 15 min
c. Observe the color change and take pictures of the color change
d. Using color analysis equipment to measure the color of the treated sample
Questions:
1. What is the color (L, a, and b) of the freshly sliced sample and samples using different
treatment methods?

2. What is the mechanism of the enzymatic browning phenomenon?
3. What are the mechanisms of controlling enzymatic browning using heat and chemical
treatments, respectively?

Appendix B.5 - Laboratory #2 procedure
University of Nebraska-Lincoln
FDST 420 Fruits and Vegetables Technology
Lab 2 Respiration Rate Measurement
Respiration is a process that the fruits and vegetables respire, consuming oxygen and liberating
carbon dioxide, and producing energy needed for various metabolic activities. The respiration
could help us understand the physiological status of a fruit or vegetable after post-harvest,
which will provide us useful information for designing packaging, storage system, and
refrigeration system, etc.
In today’s lab, we will use the Telaire 7001 CO2/Temperature monitor to measure the respiration
rate of six different fruits and vegetables at room temperature. Follow the instructions below and
the equipment manual to conduct the lab. Report your result and answer the questions in your
lab report.
Instruction:
4. Select one fruit or vegetable as your sample
5. Measure the mass of your sample
6. Measure the volume of the desiccator
7. Start up and Warm up the CO2/Temperature monitor for 5 min.
8. Read the initial CO2 and temperature values in the desiccator (this will be your base
line)
9. Put your sample inside a desiccator with the CO2/Temperature monitor
10. Set the measurement time as 30 min.
11. Record your readings for every 5 minutes.
12. Do it for three independent triplicates (different fruits or vegetables)
13. Calculate the average respiration rate
Time, min
0
5
10
15
20
CO2 (ppm)1
Temperature1
CO2 (ppm)2
Temperature2
CO2 (ppm)3
Temperature3
Note: when calculate respiration rate, convert units from ppm to mass.
respiration rate mg CO2 ⁄(kg. h) =

( C1 −C2 )×V×M×1000
t −t
V0 ×m× 2 1
60

C1 means CO2 concentration in t1 (μmol/mol)
C2 means CO2 concentration in t2 (μmol/mol)
V means volume of the desiccators (L)

25

30

M means mol mass for CO2 (g/mol)
V0 means mol volume for CO2 (L/mol)
m means fruit or vegetable mass (kg)
t means time for recording CO2 concentration (min)
Questions:
4. What is the respiration rate of your selected fruit or vegetable?
5. Compare with other groups’ results, what fruit or vegetable has the biggest and smallest
respiration rate at the measurement condition? Discuss the potential reasons for these
differences.
6. If your selected fruit or vegetable is stored at the measurement condition, how much O2
will be consumed and heat will be generated in a day, respectively, based on break
down of glucose(C6H12O6) at aerobic respiration?
7. If you want to store your product for a longer time, discuss possible methods.

Appendix B.6 - Laboratory #3 procedure
University of Nebraska-Lincoln
FDST 420 Fruits and Vegetables Technology
Lab 3 Preservation of Fruits and Vegetables - Freezing
Freezing has been successfully employed for the long-term preservation of many foods,
providing a significantly extended shelf life. The process involves lowering the product
temperature generally to -18 °C or below
In today’s lab, we will practice of freezing fruits and vegetables, and observe the quality change
of the thawed frozen fruits and vegetables.
Materials: strawberries, grapes, green peas, apple, carrots, cucumber, pepper, banana,
Na2SO3, hot plate, pot, thermometer, thermocouples, plastic ziplock bags
Instruction:
a. Select one sample from the materials (about 200 g), and divide to two groups
(each group is about 100 g). For big fruits or vegetables dice them in 3 cm cube
(doesn’t have to be exact)
b. One group is use as control without processing before freezing, the other group
is pre-treated before freezing
c. Slice the fruits and vegetables to be small pieces
d. The vegetables are blanched first to inactivate the enzyme
e. The fruits are immersed into the Na2SO3 solution for 20 minutes to protect the
color
f. Put the treated and untreated samples in bag or freezing pan and place them in
the freezer (-80 ֯C) until frozen (-18°C)
g. Record the center temperature change of the product until it reaches -18 ֯C
h. Take out the sample, measure the weight and thaw half of each group in water
and the other half at room temperature, measure the weight change of the
thawed samples, and write down any quality change. (take pictures)

Appendix B.7 – Quiz sample

Appendix C

Appendix C.1 – Student Interactive Class Trivia Quiz

Appendix C.2 – Project Background
1.0.

Project Background

The successful implementation of any food safety program (FSP) and standard operating
procedures (OSOP) in food processing industry depends on many factors such as Good
Manufacturing Practices (GMP), Hazard Analysis and Critical Control Points plans (HACCP), and
reliable workforce. Both FSP and OSOP are profoundly complex systems with many
interdependent parts, and the most critical factor is the workforce, because it is the employees
that operate the processing equipment, monitor, control, and correct as well as contribute to many
of the food safety challenges in the plants. However, this workforce in food processing and food

services in the US is headed for a significant shift. The industry has a higher concentration of
foreign-born workers than any other sector in the country, that number has continued to grow
astronomically, as many of these new jobs are filled by foreign-born employees and their
immigrant children who may not speak English or possess limited proficiency in English (LEP).
While it is undeniable that these workers are a vital part of the food service and processing
industry, it cannot be ignored that their limited proficiency in English Language has negative
impacts on profits of food service and processing industry. According to economists, limited
English skills of foreign-born U.S. workers cost U.S. corporations $65 billion annually in lost
productivity (Entrepreneur Mag, 2018), managers may perceive this lack of a common language
at work as a source of frustration, which may reduce their overall effectiveness.
For example, a Massachusetts family is suing Panera Bread after their 6-year-old daughter
suffered a violent reaction and had to be hospitalized after eating a grilled cheese sandwich
containing peanut butter—despite warnings from the parents about their child’s peanut allergy
when they had placed the order. According to the Boston Globe, the manager of the Panera Bread
franchise outlet “blamed the incident on a ‘language’ issue…conceivably [by] an employee with
limited English.” Less than one month later, a different family experienced a similar incident at
another Panera Bread location. These incidents show firsthand how detrimental
miscommunication within the food service industry can be, even leading to potentially lifethreatening mishaps. While usual tactics such as food allergen training are often a part of food
safety training, what is intended to be a clear lesson on handling food allergies, intolerances, and
sensitivities isn’t so clear when it gets lost in translation. The truth is that instances similar to the
ones that occurred at Panera Bread are highly likely to occur time and time again when language
training is left out of the equation.
it is critical that the industry take action to give its workforce the tools and resources it needs to
communicate effectively. Some people believe that translating food safety and/or operational
materials into employees’ indigenous language(s) or providing an interpreter ensures ease
comprehension for the employee(s) during training. By doing so, the assumption is made that all
workers are visual learners and that all have similar reading levels. This is not true because most
of these employees, do not have any formal education and could not read or write, even, in their
own indigenous language(s). Also, offering English language training for employees to solve the
existing communication gap might seem to be effective in a long run. However, a comprehensive
language training requires an upfront commitment of time and money on the part of the food
service organization and due to the notoriously high turnover rates of the food industry, managers
may not want to invest a lot of time, money, or effort into developing a language training for
employees, because within months of receiving this training, the employee may leave.
Providing tools such as One-Point Lessons (OPL) create to identify locations of cultural barriers
to food safety and simplified procedures in operational steps have been shown to be a simple,
effective method for communicating proper food safety practices and operational procedures to
non-English speakers using virtual cue, symbols, photographs, and colors etc. which all
employee(s) can understand in respective of the language backgrounds. OPL can help to explain
procedure such as cutting, trimming, or preparing raw ingredients, or demonstrating how to use
protective safety clothing like gloves and arm guards, working in an environment with
communication barriers can intensify role ambiguity; using OPL in providing pictures or
photographs reduces these ambiguities. Also, visual cues are also important for completing

complex tasks on production lines. Any visual cues that can help in the decision-making process
concerning acceptance or the rejection of shipments are helpful. Images of raw products being
converted into food product outputs should be included throughout the entire processing line.
Subtle prompts such as employees wearing gloves in the pictures will help remind employees to
wear gloves when appropriate. Additionally, posting pictures of how to organize and store raw
and finished products in a walk-in refrigerator or freezer will help eliminate uncertainty and will
help keep things organized and help with proper product rotations.
2.0. Project 1 – Development of Food Safety OPL for Food Processing Plant
Food processing industry usually consist of many complex procedures, language barriers pose a
large problem for employees and huge financial cost to the plant. Workers who do not have a
clear comprehension or experience about control measures and/or steps or job
protocols/procedure or equipment might impact food safety risk and consequently, can leads to
ineffective operations which might cause quality defect in finished products and/or reduction in
production outputs.
6. Watch and study the virtual tour video of the production lines of a fruit and vegetable
processing company based in California USA.
7. Based on your understanding of food safety and quality management and principle of fruit
and vegetable processing, identify specified locations in the production lines where
significant potential food safety hazards and/or quality deviations could occur in excess of
the acceptable level or could increase to an unacceptable level if not control. Describe in
detail the identify hazards and/or deviations that may occur and the likely control measures
that is/are already in place or that you suggest should be in place in the line in order to
eliminate the identified hazards/deviations or reduce its likely occurrence to an acceptable
level.
8. Use simple sentences, virtual cue, symbols, icons, photographs, and colors etc. which all
employee(s) can understand irrespective of the language backgrounds to communicate
the described control measures.
9. Create an OPL(s) as an interventional and/or training tool that can be implemented at the
identified locations across the production lines. (example of an OPL is inserted below)
10. Prepare a PowerPoint slides to be used as a tool for presentation of your develop OPL(s)
by your group members.

2.0. Example of a OPL created for handwashing during covid19 in a food Plant
One of the best ways to avoid infection from the novel corona virus known as COVID-19 is to
wash our hands. Should we be exposed to the virus, proper handwashing can prevent it from
being transferred into our bodies or to expose other people. It is believed that the virus survives
for 14 days on surfaces, so we need to be vigilant in cleaning our hands as go from place to place.

Many businesses and public buildings offer sanitizer dispensers. People splash it on their hands
as they come and go, rubbing their hands for five or ten seconds until the sanitizer evaporates.
While this is better than nothing, it may not be enough. The recommended method is to wash with
soap and water for at least twenty seconds, with specific attention to each part of our hands.
Here is a one-point lesson on the proper way to wash hands.
An OPL is used during a morning meeting or team huddle as a brief lesson or reminder. An OPL
is brief lesson delivered by a colleague. It is an opportunity for active learning and strengthening
group commitment to an idea or practice.

Appendix C.3 – Final Exam Sample

FDST 420 Fruit and Vegetable Processing
Final-Term Exam,
Part A
✓ Read carefully and then choose either True or False for question 1 and 2 below
✓ This is an independent, open book exam - all materials, documentations, consultations
etc. must be adequately cited and reference appropriately

Question 1 (10 marks)
1. Most fresh fruit and vegetable are high in water content, rich in protein and low in
essential fatty acids
a. True
b. False
2. Because of the live state, controlling enzyme activity in fruit and vegetable postharvest is
an important step in preserving the freshness during storage
a. True
b. False
3. Immersion of vegetables in water at temperature of 90-95 oC inactivates natural food
enzymes but will not inhibit microbial growth
a. True
b. False
4. Jam, Jelly and preserves are all examples of products preserved through the action of
pectin gel formation and sugar
a. True
b. False
5. While chilling only slows down microbial growth, microorganisms are killed at sub-zero
temperatures allowing for an extended shelf-life for many weeks and months
a. True
b. False

Question 2 (10 marks)

1. Dehydration or drying is defined as the application of heat under controlled conditions to
remove most of the water normally present in food by condensation
a. True
b. False
2. Freeze –drying of many fruits such as raspberries, strawberries and figs involves heating
a moist frozen product in a vacuum chamber until ice sublimes
a. True
b. False
3. High Pressure Processing (HPP) is able to overcome the problems of lack of uniformity
in the sterilization processing of canned fruits and vegetables
a. True
b. False
4. Fermented foods is one of the oldest methods of preservation whereby food are
preserved by alcohol or organic acid formed by microbial action
a. True
b. False
5. The keeping quality of wines, vinegars and fermented pickles depends upon the
presence of lactic acid
a. True
b. False

Part B
✓ Please attempt all questions in this section even if you are not able to fully solve them.
✓ Attached all your working, steps, directions, assumptions etc. applied in arriving at your
solutions.
✓ This is an independent, open book exams - all materials, documentations, consultations
etc. must be adequately cited and reference appropriately.

Question 3 (30 marks)
A hydro-cooler operating at 4°C was used in cooling down carrots with moisture 85% (w.b)
immediately after blanching process. The blanched carrots were wrapped in a plastic film cover
(plastic film thickness is 0.2𝑚𝑚, cross-section area is 1𝑚2 and thermal conductivity 0.04 W/m oC)
then packed into a stainless steel bin (stainless steel thickness 2𝑚𝑚 ; cross-section area is 1𝑚2 ,
thermal conductivity is 15 W/m oC) before being loaded into the hydro cooler chamber. The
cooling of the carrot with time was given in the table below.
1. Determine the total heat removed by the hydro-cooler from the packaged blanched
carrots

Note - Please include all your steps and assumptions (if any) in arriving at your answers.

Question 4 (30 marks)
In a study, the respiration rates of eight different vegetables were measured by the ventilation
methods at temperature 0, 5, 10, 15, and 20°C. Respiration rate was calculated as the difference
in carbon dioxide concentration at inlet and outlet of the sample packaged expressed as
𝑚𝑙 ⁄(𝑘𝑔. 𝑑𝑎𝑦) and are reported in the table below

1. Based on the experimental data, compare the shelf life of the vegetables when store at
5 °C to the shelf life when stored at 20 °C (20 marks)
2. Which of the vegetable will have the longest shelf life? Give reasons for your answers
(10 marks).
Note - Please include all your steps and assumptions (if any) in arriving at your answers.

Part C
Question 5 (20 marks)
✓ This is an independent, open book exam - all materials, documentations, consultations
etc. must be adequately cited and reference appropriately
Fermentation process for preservation purpose encourage the multiplication of select
microorganisms and their metabolic activities which produce a range of highly desirable
end products
1. Discuss the above statement and describe in detail three (2) important kinds of
fermentation involved in fruit and vegetable processing.

